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(54) Solid-state image pickup device 

(57) To achieve a high density, high resolution, or 
size reduction, there is provided a solid-state image 
pickup device having a plurality of photoelectric conver- 
sion elements formed in a semiconductor substrate, 
conductive layers formed on the semiconductor sub- 
strate between the neighboring photoelectric conver- 
sion elements via an interlayer layer, a first interlay er 



layer formed on the photoelectric conversion elements 
and conductive layers, a second interlayer layer formed 
on the first interlayer layer, and microlenses formed 
above the photoelectric conversion elements, wherein 
the refraction index of the first interlayer layer located 
above the photoelectric conversion elements is different 
from that of the second interlayer layer. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a solid-state 
image pickup device having a photoelectric conversion 
element tor converting light into an electrical signal and 
a method of manufacturing the same. 

Related Background Art 

[0002] In recent years, as solid-state image pickup 
devices have smaller size, higher density, and higher 
resolution, a decrease in light-receiving sensitivity due 
to a decrease in aperture area of a region which is not 
covered by a light-shielding portion on the light incoming 
side of a photoelectric conversion element or a de- 
crease in light-receiving area of the photoelectric con- 
version element poses a problem. To improve sensitiv- 
ity, a lens that condenses incoming light is provided 
above the photoelectric conversion element to increase 
the aperture area of the solid-state image pickup device 
in effect. 

[0003] A prior art of a solid-state image pickup device 
with such microlens will be explained below with refer- 
ence to Fig. 1 in relation to Japanese Patent No. 
2,558,389. Referring to Fig. 1, a photoelectric conver- 
sion element 102 is formed on a semiconductor sub- 
strate 101 , and an insulating layer 103 is formed on the 
photoelectric conversion element 102 and the remain- 
ing surface of the semiconductor substrate 101 . A poly- 
silicon transfer electrode portion 104 for transferring 
photocharges of the photoelectric conversion element 
102 is formed on the insulating layer 103 on the remain- 
ing surface of the semiconductor substrate 101 , and an 
aluminum light-shielding portion 105 is formed on top of 
it. A surface passivation layer 1 06 is formed on the light- 
shielding portion 105, and a leveling layer 107 that con- 
sists of a transparent polymer resin and levels the ele- 
ment surface is formed thereon. Furthermore, a con- 
cave microlens layer 108 composed of a transparent 
polymer resin or materials such as casein, gelatin, and 
the like is formed, and an inter-tens layer 1 09 consisting 
of a transparent polymer resin is formed thereon. A 
round, convex microlens layer 110 consisting of a trans- 
parent polymer resin or casein, gelatin, and the like is 
formed on the intertayer 109, and a passivation layer 
111 consisting of a transparent polymer resin is formed 
thereon. 

[0004] With this structure, since the convex microlens 
layer 110 condenses light, sensitivity can be improved. 
Also, since the inter-lens layer 109 is interposed be- 
tween the convex and concave microlens layers 110 and 
108, the refraction index of the convex microlens layer 
110 and its surface curvature required for focusing light 
to a size equivalent to that of an aperture portion on the 



concave microlens layer 108 can be reduced. 
[0005] Let na ; nb, nc, and nd be the refraction indices 
of the convex microlens layer 110, inter-lens layer 109. 
concave microlens layer 108, and leveling layer 107, re- 

5 spectively. If na > nb, nc > nb. and nc > nd, i.e., (na, nc) 
> (nb, nd), light can be condensed most efficiently and 
can enter the photoelectric conversion element nearly 
perpendicularly, thereby suppressing production of 
smear noise, and achieving a high S/N ratio. 

10 [0006] Furthermore, since the leveling layer 107 
sends light onto the surface of the photoelectric conver- 
sion element nearly perpendicularly and therefore the 
refraction index of the concave microlens and its surface 
curvature can be reduced, the device can be easily man - 

J5 ufactured. 

[0007] However, a microlens is used to assure an ef- 
fective aperture ratio despite a small pixel size of the 
solid-state image pickup device of a photosensor, and 
the aperture ratio is improved by combining convex and 

20 concave lenses. This complicates the layer structure, 
resulting in high manufacturing cost and tow manufac- 
turing yield. Also, a plurality of alignment processes are 
required, and the effective aperture ratio cannot be de- 
sirably improved. 

2S [0008] As a recent device has higher density, higher 
resolution, and smaller size, it is hard to match the op- 
tical axis of the microlens placed above the photoelectric 
conversion element as an underiayering device with the 
condensed point. 

30 

SUMMARY OF THE INVENTION 

[0009] It is an object of the present invention to pro- 
vide a solid-state image pickup device which is suitable 
35 for higher density, higher resolution, or smaller size, and 
a method of manufacturing the same. 
[0010] In order to achieve the above object, according 
to an aspect of the present invention, there is provided 
a solid-state image pickup device comprising: a plurality 
40 of photoelectric conversion elements formed in a semi- 
conductor substrate; conductive layers formed on the 
semiconductor substrate between the neighboring pho- 
toelectric conversion elements via an interlayer layer, a 
first interlayer layer formed on the photoelectric conver- 
ts sion elements and conductive layers; a second interlay- 
er layer formed on the first interlayer layer; and micro- 
lenses formed above the photoelectric conversion ele- 
ments, wherein a refraction index of the first interlayer 
layer located above the photoelectric conversion ele- 
so ments is different from a refraction index of the second 
interlayer layer. 

[0011] According to another aspect of the present in- 
vention, there is provided a method of manufacturing a 
solid-state image pickup device, comprising the steps 
S5 of: forming a plurality of photoelectric conversion ele- 
ments in a semiconductor substrate; forming light- 
shielding layers or signal wire for out putting signals from 
the photoelectric conversion elements on the semicon- 
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ductor substrate between the neighboring photoelectric 
conversion elements via an intertayer layer forming a 
first interlay er layer on the photoelectric conversion el- 
ements and the light-shielding layer or signal wire; form- 
ing a second intertayer layer on the first interlayer layer; 
and forming microlenses above the photoelectric con- 
version elements, wherein the microlenses forming step 
including steps of forming the first interlayer layer by 
CVD, forming the second intertayer layer having a re- 
fraction index different from a refraction index of the first 
interlayer layer on a surface of the first intertayer layer 
by CVD, leveling a surface of the second intertayer layer 
by polishing by CMP, coating a microlens material resin 
onto the leveled surface, softening the material by heat- 
ing, and hardening the material. 
[0012] Furthermore, according to the present inven- 
tion, there is provided a solid-state image pickup device 
comprising: a plurality of photoelectric conversion ele- 
ments formed in a semiconductor substrate; an interlay- 
er layer formed above the photoelectric conversion ele- 
ments; and light-shielding means for shielding light, 
wherein the interlayer layer is formed with a step using 
a step of the light-shielding means. 
[001 3] According to still another aspect of the present 
invention, there is provided a method of manufacturing 
a solid-state image pickup device, comprising the steps 
of: forming a plurality of photoelectric conversion ele- 
ments in a semiconductor substrate; forming an inter- 
layer layer above the photoelectric conversion ele- 
ments; and forming light-shielding means on a flat sur- 
face above the photoelectric conversion elements, 
wherein the interlayer layer is formed on a surface in- 
cluding at least the light-shielding means. 
[0014] Other objects and features of the present in- 
vention will become apparent from the following descrip- 
tion taken in conjunction with the accompanying draw- 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0015] 



Fig. 1 is a sectional view showing a conventional 
solid-state image pickup device; 
Fig. 2 is a schematic sectional view showing the first 
embodiment of the present invention; 
Figs. 3A and 3B are sectional views showing rela- 
tionships among the refraction indices of the re- 
spective layers in the embodiment of the present 
invention; 

Figs. 4A. 4B, 4C, and 4D are sectional views show- 
ing the manufacturing steps according to the sec- 
ond embodiment of the present invention; 
Fig. 5 is a plan view of a solid-state image pickup 
device according to the embodiment of the present 
invention; 

Fig. 6 is a pian view of the solid-state image pickup 
device according to the embodiment of the present 



invention; 

Fig. 7 is a circuit diagram of the solid-state image 
pickup device according to the embodiment of the 
present invention; 
s Fig. 8 is a circuit diagram of the solid-state image 
pickup device according to the embodiment of the 
present invention; and 

Fig. 9 is a timing chart of the solid-state image pick- 
up device according to the embodiment of the 
io present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

is [0016] Fig. 2 is a schematic sectional view showing 
the first embodiment of the present invention. A solid- 
state image pickup device shown in Fig. 2 has a p- or 
n-type semiconductor substrate 10, and photoelectric 
conversion elements 11 formed in the semiconductor 
20 substrate 10. Each photoelectric conversion element 11 
is a region of a conductivity type opposite to that of the 
substrate 10, and forms a PN diode with the substrate 
1 0. A surface passivation layer 1 2 is formed on the pho- 
toelectric conversion elements 11 and the remaining 
25 surface of the semiconductor substrate 1 0. Conductive 
layers 1 3 are formed on the surface passivation layer 
on the remaining surface of the semiconductor sub- 
strate 1 0 and, for example, transfer photocharges of the 
photoelectric conversion elements 11. A first interlayer 
30 layer 14 is formed on the conductive layers 13 and the 
surface passivation layer 12. A second interlayer layer 
15 forms a concave lens on the first interlayer layer 14. 
A resin layer 1 6 consists of a transparent polymer resin. 
Convex microlenses 17 are formed on the resin layer 
35 16 at positions above the photoelectric conversion ele- 
ments 11 . In this structure, the respective layers formed 
above the photoelectric conversion elements 11 are 
transparent. Light coming from above is condensed to 
excite electrons and holes in the photoelectric conver- 
ge sion elements 1 1 , and is output to an external circuit as 
an image signal via the conductive layers 1 3. 
[0017] Figs. 3A and 3B show examples of the refrac- 
tion indices of the respective layers of the solid-state im- 
age pickup device. In Fig. 3A, let N1 be the refraction 
45 index of air, N2 be that of the convex microlens 17, N3 
be that of the resin layer 16, N4 be that of the second 
interlayer layer 15, and N5 be that of the first intertayer 
layer 1 4. Then, if these refraction indices are set to sat- 
isfy: 

so 

N1 <N2 S N3 
N3<N4 
N5 <N4 

55 light can be condensed on the photoelectric conversion 
element 11 as a photodiode with a small area, as indi- 
cated by a light beam curve in Fig. 3A. Note that the 
above conditions are satisfied when the first interlayer 
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layer consists of TEOS (Tetra-Ethyl-Ortho-Silicate)- 
Si0 2 , and the second interlay er layer consists of SiOR 
In such case, upon formation of layers, the initial polish- 
ing speed by CMP can be improved, and high-speed 
processes are attained. 

[0018] On the other hand, if the refraction indices of 
the solid-state image pickup device with the arrange- 
ment shown in Fig. 3B are set to satisfy: 

N1 < N2, N3 

N3<N4 

N4<N5 

light can be condensed on the photoelectric conversion 
element 11 aside from an obstacle 20 (e.g., the conduc- 
tive layer 1 3) present in the first interlayer layer 1 4. Note 
that the above conditions are satisfied when the first in- 
terlayer layer is composed of SiOF, and the second in- 
terlayer layer is composed of TEOS (Tetra-Ethyl-Ortho- 
SilicateJ-SiOg. By stacking an SiOF interlayer layer ma- 
terial having a refraction index lower than that of S"0 2 , 
a more efficient microlens can be formed. 
[0019] Furthermore, in Figs. 3A and 3B, both the first 
and second interlayer layers may be formed of TEOS 
(Tetra-Ethy1-Ortho-SUicate)-Si0 2 and have different 
densities. 

[0020] The above embodiment has explained a solid- 
state image pickup device having first and second inter- 
layer layers and microlens. However, the present inven- 
tion is not limited to such specific device, but may be 
applied to a solid-state image pickup device that con- 
denses light by a structure with a first interlayer layer 
alone. 

[0021] The second embodiment of the present inven- 
tion will be described below with reference to Figs. 4A, 
4B, 4C, and 4D. A solid-state image pickup device of 
this embodiment is manufactured by the following meth- 
od. 

[0022] Referring to Fig. 4A, a resist mask is formed 
on a semiconductor substrate 1 0 except for prospective 
formation regions of photoelectric conversion elements, 
and a Group 111 element such as boron in case of an n- 
type semiconductor substrate 10 or a Group V element 
such as phosphorus in case of a p-type semiconductor 
substrate 1 0 is ion-implanted to form photoelectric con- 
version elements 11. Upon ion implantation, an impurity 
such as silicon, phosphorus, boron, or the like is ionized, 
and is implanted into a wafer of the semiconductor sub- 
strate by applying an appropriate acceleration voltage. 
After implantation, the wafer is annealed at high temper- 
ature to electrically activate the impurity. 
[0023] As shown in Fig. 4B, the resist mask is re- 
moved, and a surface passivation layer 12 as an insu- 
lating member is formed on the photoelectric conversion 
elements 11 and the remaining surface of the semicon- 
ductor substrate 10 by LP (Low pressure) CVD, and 
conductive layers 13 consisting of a metal such as Al or 
the like and serving as light-shielding layers are formed 



by sputtering or the like. A plurality of conductive layers 
1 3 may be formed via the surface passivation films 1 2. 
[0024] As shown in Fig. 4C, a first interlayer layer 1 4 
having roughly a uniform thickness is formed on the en- 
5 tire surface by TEOS-CVD. In this case, the first inter- 
layer layer 14 is also formed on the conductive layers 
1 3 on the surface passivation layer 1 2 to have a uniform 
thickness, thus providing a concave surface corre- 
sponding the heights of the conductive layers 1 3, which 
10 are formed at a predetermined spacing. 

[0025] Furthermore, a second interlayer layer 1 5 hav- 
ing a refraction index different from that of the first inter- 
layer layer 14 is stacked on the first interlayer layer 14. 
In this case, since a second intertayer layer 15 having 
15 a uniform thickness is formed on the entire surface, a 
concave surface is formed in correspondence with the 
heights of the conductive layers 13, which are formed 
at a predetermined spacing. In this case, when a dense 
TEOS (Tetra-Ethyl-Ortho-Silicate)-Si02 layer is formed 
20 as the first interlayer layer 1 4, and a coarse TEOS (Tet- 
ra-Ethyl-Ortho-SilicateJ-SiOg layer is formed as the sec- 
ond interlayer layer 15, the polishing speed by the next 
CMP can be improved. 

[0026] Moreover, as shown in Fig. 4D : after the sec- 
25 ond interlayer layer 15 is formed, the upper surface is 
leveled by polishing the entire surface by CMP (Chem- 
ical Mechanical Polishing), and the second interlayer 
layer 15 is polished until downward convex lenses are 
formed. 

30 [0027] Afterthat. as shown in Fig. 2, atransparent pol- 
ymer resin layer 1 6 is formed, and convex microlenses 
17 are formed. The transparent polymer resin layer 16 
may or may not be formed. Also, a color-filter layer may 
be formed under the microlenses 17. Furthermore, a 
35 transparent resin layer having a low refraction index 
may be formed on the convex microlenses 17 so as to 
level and protect the surface. 

[0028] With this manufacturing method of the solid- 
state image pickup device, the manufacturing process 
40 can be simplified, thus improving the manufacturing 
yield. In addition, since microlenses can be accurately 
formed above the photoelectric conversion elements, 
alignment precision of the microlenses can be im- 
proved. 

45 [0029] In this solid-state image pickup device, the 
downward convex microlenses 15 are formed at posi- 
tions above the photoelectric conversion elements 11 
that form an area sensor and between the neighboring 
conductive layers 1 3. Hence, the spacings and heights 
50 of the conductive layers 13 are important parameters 
upon forming the downward convex microlenses 15. 
[0030] Fig. 5 is a plan view showing the photoelectric 
conversion element and its peripheral circuits. Fig. 5 il- 
lustrates the photoelectric conversion element 11 as a 
55 photodiode, one vertical select line 131 of the conduc- 
tive layers 1 3, an output signal line 1 32, a transfer tran- 
sistor 1 33, an output signal line 1 34 in the neighborhood 
of the output signal fine 132 : a through hole 135 con- 
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nected to the source/drain ot the transfer transistor 1 33, 
and a dummy conductive layer 1 36. In this structure, the 
downward convex microlens 15 shown in Fig. 4D are 
formed on low-level photodiode portions bounded by the 
output signal lines 1 32 and 1 34, vertical select line 131, 5 
and dummy conductive layer 1 36. The dummy conduc- 
tive layer 1 36 is provided to form a step upon forming 
the convex microlens 15. If no dummy conductive layer 
1 36 is formed, no conductive layer 1 3 is formed until the 
next vertical select line, and the convex microlens 15 *o 
cannot be formed. 

[0031] In place of the dummy conductive layer 1 36 : a 
power supply interconnect for the photoelectric conver- 
sion element may be formed since the power supply in- 
terconnect preferably has constant potential compared 15 
to a conductive layer in a floating state. 
[0032] In this way, the four sides that bound the con- 
vex microlens 15 are the conductive layers 13 formed 
on the surface passivation layer 12 shown in Fig. 48, 
and the vertical select line 131 is formed on the output 
signal lines 1 32 and 1 34 to sandwich the surface pas- 
sivation layer 12 therebetween. 

[0033] Fig. 6 is a plan view showing another example 
of the photoelectric conversion element 11 and its pe- 
ripheral circuits. Unlike Fig. 5, a light-shielding aperture 
portion 1 37 consisting of a metal such as Al or the like 
is formed around the photoelectric conversion element 
11 as a photodiode. The light-shielding aperture portion 
1 37 is obtained by forming the light-shielding layer 1 3 
shown in Fig. 4B on the surface passivation layer 12 to 
have a step, so that it has a height equal to or larger 
than those of the vertical select line 131 and the output 
signal lines 132 and 134 as conductive layers around 
the photoelectric conversion element 11. Alternatively, 
the light-shielding aperture portion 1 37 may be formed 
to cover the vertical signal line 1 31 and output signal 
lines 1 32 and 1 34 to intercept light that becomes inci- 
dent on a portion otherthan the photoelectric conversion 
element 11. In this case, the shape of the downward 
convex microlens 15 above the photoelectric conver- 
sion element 11 can be clearly distinguished, and the 
microlens 1 5 can be formed without any variations in 
area and height, thus improving the characteristics of 
the microlens. 

[0034] Fig. 7 is a circuit diagram of a solid-state image 
pickup device with a microlens. Fig. 7 shows the ar- 
rangement of a two-dimensional sensor having 2x2 pix- 
els, but the number of pixels is not limited to lour. 
[0035] The pixel portion circuit of a CMOS area sen- 
sor shown in Fig. 7 will be explained. In each pixel, a 
photodiode 901, transfer switch 911, reset switch 902, 
pixel amplifier 903, and row select switch 904 are 
formed. The gate of the transfer switch 91 1 is connected 
to $TX(n or n+1 ) from a vertical scanning circuit 91 0, the 
gate of the reset switch 902 is connected to $RES(n or 
n+1) from the vertical scanning circuit 910, and the gate 
of the row select switch 904 is connected to $SEL(n or 
n+1) from the vertical scanning circuit 910. 



[0036] Photoelectric conversion is done by the photo- 
diode 901. During the accumulation period of a light 
amount charge, the transfer switch 911 is kept OFF, and 
no charge photoelectrically converted by the photodiode 

901 is transferred to the gate of a source-follower 903 
that constructs the pixel amplifier. The gate of the 
source-follower 903 that constructs the pixel amplifier is 
reset to an appropriate voltage since the reset switch 

902 is turned on before the beginning of accumulation. 
That is, this reset level corresponds to dark level. Sub- 
sequently or simultaneously, when the row select switch 
904 is turned on, the source-follower constituted by a 
load current source 905 and the pixel amplifier 903 is 
operative, and when the transfer switch 911 is turned on 
that timing, the charge accumulated on the photodiode 
901 is transferred to the gate of the source-follower con- 
structed by the pixel amplifier. 

[0037] At that time, the output of the selected row is 
generated on a vertical output line 906. This output is 
so accumulated in a signal accumulation unit 907 via trans- 
fer gates 909a and 909b. The output temporarily stored 
in the signal accumulation unit 907 is sequentially read 
out to an output unit VO by a horizontal scanning circuit 
908. 

25 [0038] Fig. 8 is a plan view of the photoelectric con- 
version element corresponding to Fig. 7. The same ref- 
erence numerals in Fig. 8 denote the same parts as 
those in Fig. 7. Referring to Fig. 8, each photoelectric 
conversion element is composed of the photodiode 901 , 
30 transfer switch 911, source-follower 903, its gate, and 
the like, and the photodiode 901 is bounded by select 
lines <|>SEI_(n or n+1 ) and <t>TX(n or n+1 ), the vertical out- 
put line 906, and a power supply line V DD . 
[0039] Fig. 9 is a timing chart showing the operation 
35 of the CMOS area sensor shown in Fig. 7. At the timing 
of an all-pixel reset period T1, <t>TX(n) and $T(n+1) are 
activated, and the charges on the photodiodes 901 of 
all pixels are transferred to the gates of the correspond- 
ing source-follower 903 via the transfer switches 911, 
40 thus resetting the photodiodes 901. In this state, the 
cathode charges of the photodiodes 901 are transferred 
to those of the source-followers 903 and are averaged. 
By increasing the capacitor C ro 91 3 component of the 
gate of the source-follower 903, the average level be- 
45 comes equal to the reset level of the cathode of the pho- 
todiode 901. 

[0040] At this time, a mechanical shutter 11 (not 
shown) that guides an optical image to be sensed is 
open, and all the pixels begin to accumulate charges 
so simultaneously with the end of the period T1 . The me- 
chanical shutter 11 is kept open during a period T3, 
which corresponds to the accumulation period of the 
photodiodes 901. 

[0041] After an elapse of the period T3, the mechan- 
ss ical shutter is closed at timing T4, thus ending photo- 
charge accumulation of the photodiodes 901. In this 
state, the photodiodes 901 accumulate charges. Then, 
a read is started in units of lines. More specifically, the 
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(N-1)-th row is read out, and then the N-th row is read 
out. 

[0042] During a period T5 t $SEL(n) is activated to turn 
on the row select switch 904, so that the source-follower 
circuits constructed by the pixel amplifiers 903 in all pix- s 
els connected to the n-th row are rendered operative. 
The gate of the source-follower constructed by the pixel 
amplifier 903 is reset since <frRES(n) is activated during 
a period T2 to turn on the reset switch 902. More spe- 
cifically, this dark-level signal is output onto the vertical 10 
output line 906. 

[0043] Then, <j>TN(n) is activated to turn on the trans- 
fer gate 909b, thus holding charges in the signal accu- 
mulation unit 907. This operation is parallelly executed 
for all pixels connected to the N-th row. Upon completion *5 
of transfer of the dark-level signal to the signal accumu- 
lation unit 907, signal charges accumulated on the pho- 
todiodes 901 are transferred to the gates of the source- 
followers comprised of the pixel amplifiers 903 by turn- 
ing on the transfer switches 911 by activating $TX(n). At 20 
this time, the potential of the gate of each source-follow- 
er constructed by the pixel amplifier 903 varies from re- 
set level by an amount corresponding to the transferred 
signal charge, thus determining the signal level. 
[0044] At this time, $TS is activated to turn on the 2s 
transfer gate 909a, thus holding the signal levels in the 
signal accumulation unit 907. This operation is parallelly 
executed for ail pixels connected to the N-th row. The 
signal accumulation unit 907 holds dark levels and sig- 
nal levels of all pixels connected to the N-th row, and 30 
the difference between the dark and signal levels is cal- 
culated in units of pixels to cancel fixed pattern noise 
(FPN) due to variations of threshold voltages Vth of the 
source-followers and KTC noise produced upon reset- 
ting of the reset switches 902, thereby obtaining high S/ 35 
N signals from which noise components have been re- 
moved. 

[0045] These difference signals between the dark and 
signal levels accumulated in the signal accumulation 
unit 907 are horizontally scanned by the horizontal scan- 
ning circuit 908. thereby time-serially outputting the sig- 
nals at timing T7. In this way, the output of the N-th row 
is complete. Similarly, $SEL(n+1), <t>RES(n+1), $TX 
(n+1), $TN, and $TS are driven in the same manner as 
the N^th row, as shown in Fig. 9, thus reading out signals 
of the (N+1)-throw. 

[0046] In the prior art, since the difference between 
the dark and signal levels is output, a high S/N ratio can 
be achieved, and a high-quality image signal can be ob- 
tained. Since the solid-state image pickup element of si 
this embodiment can be realized by a CMOS compatible 
process, and can be formed on one chip together with 
peripheral circuits, low cost and multiple functions can 
be realized. Furthermore, as downward convex micro- 
lens aligned by the output signal tine 906, the reset line & 
<t>RES as a vertical select line, and the like, can be 
formed above the photodiode 901 , photodetection sen- 
sitivity can be greatly improved. 



[0047] To restate., according to the first to third em- 
bodiments, since conductive layers are formed around 
the photoelectric conversion element, and the first and 
second intertayer layers are formed and leveled by 
CMP, a solid-state image pickup device having a func- 
tion of condensing light on the photoelectric conversion 
element can be formed by a simple manufacturing meth- 
od, i.e., by forming downward convex microlens in cor- 
respondence with the upper convex microlens. 
[0048] A reduction of manufacturing cost leads to high 
yield. Especially, when microlenses are manufactured 
by bounding the photoelectric conversion elements us- 
ing a light-6hielding layer : a plurality of microlenses can 
be accurately aligned and formed, thus providing a high- 
precision, high-density, high-sensitivity solid-state im- 
age pickup device suffering less variations. 
[0049] Furthermore, since a recent device has higher 
density, higher resolution, and smaller size, if the mic- 
rolens can be self-aligned to the photoelectric conver- 
sion element as an underiayering device, the optical ax- 
is can be set to agree with the condensed point thus 
improving photoelectric conversion efficiency. 
[0050] Many widely different embodiments of the 
present invention may be constructed without departing 
from the spirit and scope of the present invention. It 
should be understood that the present invention is not 
limited to the specific embodiments described in the 
specification, except as defined in the appended claims. 



Claims 

1. A solid-state image pickup device comprising: 

a plurality of photoelectric conversion elements 
formed in a semiconductor substrate; 
conductive layers formed on said semiconduc- 
tor substrate between the neighboring photoe- 
lectric conversion elements via an interlayer 
layer; 

a first interlayer layer formed above said pho- 
toelectric conversion elements and on said 
conductive layers; 

a second intertayer layer formed on said first 
interlayer layer; and 

microlenses formed above said photoelectric 
conversion elements, 

wherein a refraction index of said first inter- 
layer layer located above said photoelectric conver- 
sion elements is different from a refraction index of 
said second interlayer layer. 

2. A device according to claim 1, wherein the refrac- 
tion index of said first interlayer layer is higher than 
the refraction index of said second intertayer layer. 

3. A device according to claim 1 , wherein the refrac- 
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ton index of said first interlayer layer is lower than 
the refraction index of said second interlayer layer. 

4. A device according to any one of claims 1 to 3, 
wherein at least a portion of a contact surface be- 
tween said second and first interlayer layers has a 
convex shape. 

5. A device according to claim 1 or 2, wherein the first 
interlayer layer consists of TEOS (Tetra-Ethyl-Or- 
tho-Silicate)-Si0 2 . and said second interlayer layer 
consists of SiOR 

6. A device according to claim 3, wherein the second 
interlayer layer consists of TEOS (Tetra- Ethyl-Or- 
tho-Si Iicate)-Si0 2 . and said first interlayer layer 
consists of SiOR 

7. A device according to claim 1 , wherein both said 
first and second interlayer layers consist of TEOS 
(Tetra-Ethyl0rtho-Silicate)-Si0 2 and have different 
densities. 

8. A device according to any one of claims 1 to 7, 
wherein said conductive layers are signal wire for 
outputting signals from said photoelectric conver- 
sion elements. 

9. A device according to any one of claims .1 to 7, 
wherein said conductive layers are selection wire 
for selecting signals from said photoelectric conver- 
sion elements. 

10. A device according to any one of claims 1 to 9, 
wherein said conductive layers are light-shielding 
layers each of which shields at least a portion of said 
photoelectric conversion element. 

11. A device according to any one of claims 1 to 9, 
wherein said conductive layers are power supply 
wire of said photoelectric conversion elements. 

12. A method of manufacturing a solid-state image 
pickup device, comprising the steps of: 

forming a plurality of photoelectric conversion 
elements in a semiconductor substrate; 
forming light-shielding layers or signal wire for 
outputting signals from said photoelectric con- 
version elements on said semiconductor sub- 
strate between the neighboring photoelectric 
conversion elements via an interlayer layer; 
forming a first interlayer layer above said pho- 
toelectric conversion elements and on said 
light-shielding layer or signal wire; 
forming a second interlayer layer on said first 
interlayer layer; and 

forming microlenses above said photoelectric 
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conversion elements, 

wherein said microlenses forming step in- 
cludes steps of forming said first interlayer layer by 
CVD, forming said second interlayer layer having a 
refraction index different from a refraction index of 
said first interlayer layer on a surface of said first 
interlayer layer by CVD, leveling a surface of said 
second interlayer layer by polishing by CMP, coat- 
ing a microlens material resin onto the leveled sur- 
face, softening the material by heating, and hard- 
ening the material. 

. A method according to claim 12, wherein the refrac- 
tion index of said first interlayer layer is higher than 
the refraction index of said second interlayer layer. 



1 4. A method according to claim 1 2, wherein the refrac- 
tion index of said first interlayer layer is lower than 

20 the refraction index of said second interlayer layer. 

15. A method according to any one of claims 1 2 to 1 4, 
wherein at least a portion of a contact surface be- 
tween said second and first interlayer layers has a 

2S convex shape. 

16. A method according to claim 12 or 1 3, wherein the 
first interlayer layer consists of TEOS (Tetra-Ethyl- 
Ortho-Silicate)-Si0 2 , and said second interlayer 

30 layer consists of SiOR 

17. A method according to claim 14, wherein the sec- 
ond interlayer layer consists of TEOS (Tetra-Ethyl- 
Ortho-Silicate)-Si0 2l and said first interlayer layer 

35 consists of SiOR 

18. A method according to claim 1 2, wherein both said 
first and second interlayer layers consist of TEOS 
(Tetra-Ethyl-Ortho-StlicateJ-SiOg and have different 

40 densities. 

19. A method according to any one of claims 12 to 18, 
wherein said conductive layers are signal wire for 
outputting signals from said photoelectric conver- 
ts sion elements. 

20. A method according to any one of claims 1 2 to 1 8, 
wherein said conductive layers are selection wire 
for selecting signals from said photoelectric conver- 
se sion elements. 

21. A method according to any one of claims 1 2 to 20, 
wherein said conductive layers are light-shielding 
layers each which shields at least a portion of said 

55 photoelectric conversion element 

22. A method according to any one of claims 1 2 to 20, 
wherein said conductive layers are power supply 
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wire of said photoelectric conversion elements. 

23. A solid-state image pickup device comprising: 

a plurality of photoelectric conversion elements 
formed in a semiconductor substrate; 
an interlayer layer formed above said photoe- 
lectric conversion elements; and 
light-shielding means for shielding light, 

wherein said interiayer layer is formed with a 
step using a step of said light-shielding means. 

24. A solid-state image pickup device comprising: 
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a plurality of photoelectric conversion elements 
formed in a semiconductor substrate; 
a first intedayer layer formed above said pho- 
toelectric conversion elements and having a 
First refraction index; 20 
a second interlayer layer formed on said first 
interlayer layer and having a second refraction 
index; 

microlenses formed above said photoelectric 
conversion elements; and 2s 
light-shielding means for shielding light, 

wherein said first interlayer layer is formed 
with a step using a step of said light-shielding 
means. 30 

25. A method of manufacturing a solid-state image 
pickup device, comprising the steps of: 

forming a plurality of photoelectric conversion 3S 
elements in a semiconductor substrate; 
forming an interlayer layer above said photoe- 
lectric conversion elements; and 
forming light-shielding means for shielding light 
on a flat surface above said photoelectric con- *o 
version elements, 

wherein said interlayer layer is formed on a 
surface including at least said light-shielding 
means. 45 
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N3<N4 ONTO PHOTODIODE HAVING 
N4>N5 J SMALLER AREA 



FIG. 3B 




N1<N2,N3^ 
N3<N4 
N4<N5 



LIGHT CAN BE CONDENSED 
ASIDE FROM OBSTACLE 
EXISTING BETWEEN LAYERS 



10 



FIG. 4A 
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1. FORMING PN JUNCTION BY ION IMPLANTATION 
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2. FORMING SURFACE PASSIVATION LAYER BY CVD 

3. FORMING METAL LAYER AS LIGHT SHIELDING 
LAYER BY SPUTTERING 



FIG. 4C 
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4. STACKING FIRST AND SECOND INTERLAYER LAYERS 
BY CVD, FOR EXAMPLE 
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5. LEVELING SURFACE BY POLISHING (CMP) TO LEAVE 
SECOND INTERLAYER LAYER OF CONVEX LENS 
SHAPE IN FIRST INTERLAYER LAYER 
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